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Resumo$DSOLFDomRGRVQDQRPDWHULDLVHPGLIHUHQWHViUHDVpMXVWL¿FDGDSHODDOWDUHODomRiUHDYROXPHDTXDO
OKHVFRQIHUHSURSULHGDGHV~QLFDV7HQGRHPYLVWDRYDVWRFDPSRGHDSOLFDomRGRVPDWHULDLVQDQRSDUWLFXODGRV
HVWH WUDEDOKR WHYHSRUREMHWLYRGHVHQYROYHUPHWRGRORJLDVGH VtQWHVHGHQDQRFRPSRVWRVGHy[LGR F~SULFR HGH
KLGUR[LDSDWLWDSRLVp VDELGRTXHRVPHVPRVDSUHVHQWDPXPHOHYDGRSRWHQFLDOGHDSOLFDELOLGDGHSHOR VHWRUGH
DJURQHJyFLRV2PpWRGR XVDGR QHVWD SHVTXLVD IRL SRU FRSUHFLSLWDomR TXtPLFD SRU VHU VLPSOHV UHODWLYDPHQWH
UiSLGRHGHEDL[RFXVWR3RUHVWDPHWRGRORJLDIRLSRVVtYHOVLQWHWL]DUQDQRSDUWtFXODVGHKLGUR[LDSDWLWDHGHy[LGR
F~SULFRFRPDOWDSXUH]DHGLkPHWURVHPWRUQRGHQP
Palavras-chaveFRSUHFLSLWDomRQDQRSDUWtFXODVKLGUR[LDSDWLWDy[LGRF~SULFR
SYNTHESIS BY COPRECIPITATION OF HYDROXYAPATITE AND CUPRIC OXIDE NANOPARTICLES 
FOR AGRIBUSINES APLICATIONS.
Abstract: 7KHDSSOLFDWLRQVRIWKHQDQRPDWHULDOVLQGLIIHUHQWDUHDVDUHMXVWL¿HGE\WKHKLJKDUHDYROXPHUHODWLRQVKLS
ZKLFKFRQIHUVXQLTXHSURSHUWLHV,QYLHZRIWKHYDVWFDPSRIQDQRSDUWLFXODWHGPDWHULDOVDSSOLFDWLRQVWKLVZRUN
KDG WKH REMHFWLYH WR GHYHORS V\QWKHVLVPHWKRGRORJLHV RI QDQRFRPSRXQGVRI FXSULF R[LGH DQGK\GUR[\DSDWLWH
EHFDXVHLVNQRZQWKDWWKHVDPHSUHVHQWDQHOHYDWHGDSSOLFDELOLW\SRWHQWLDOE\WKHDJULEXVLQHVV7KHPHWKRGXVHGLQ
WKLVUHVHDUFKZDVZHWFRSUHFLSLWDWLRQIRUEHLQJVLPSOHIDVWDQGLQH[SHQVLYH%\WKLVPHWKRGRORJ\ZDVSRVVLEOHWR
V\QWKHVL]HK\GUR[\DSDWLWHDQGFXSULFR[LGHQDQRSDUWLFOHVZLWKKLJKSXULW\DQGGLDPHWHUVDERXWQP
Keywords: FRSUHFLSLWDWLRQQDQRSDUWLFOHVK\GUR[\DSDWLWHFXSULFR[LGH
1. Introdução
$QDQRWHFQRORJLDpXPUDPRUHVSRQViYHOSHORGHVHQYROYLPHQWRGHSURGXWRVHSURFHVVRVFRPEDVHQRV
FRQKHFLPHQWRVDGTXLULGRVSHODQDQRFLrQFLDDTXDOHVWXGDPDWHULDLVTXHDSUHVHQWDPWDPDQKRVGHQPFRP
GLIHUHQWHVPRUIRORJLDVHFRPFDUDFWHUtVWLFDVLQRYDGRUDVGLUHWDPHQWHOLJDGDVDHVWDHVFDODQDQRVFySLFD$VSURSULH-
GDGHVItVLFDVHTXtPLFDV~QLFDVGHVVHVPDWHULDLVHVWmRUHODFLRQDGDVjDOWDUHODomRVXSHUItFLHYROXPHTXDQGRFRP-
SDUDGDDRWDPDQKRPLFURRXPDFURVFySLFR2VQDQRPDWHULDLVWrPVLGRDPSODPHQWHDSOLFDGRVHPPHGLFDPHQWRV
FpOXODVVRODUHVSXUL¿FDomRGHiJXDFDWDOLVDGRUHVIDUPDFrXWLFRVVHQVRUHVHWF6XOHLPDQHt al.
1RVHWRUGRDJURQHJyFLRKiDWXDOPHQWHXPDJDPDH[WHQVDGHHVWXGRVHPQDQRWHFQRORJLDFRPRSRU
H[HPSORRGHVHQYROYLPHQWRGHVHQVRUHVDSOLFDGRVQDGHWHFomRGHFRQWDPLQDQWHVHSDWyJHQRVHQRFRQWUROHGH
TXDOLGDGHGHDOLPHQWRVEHELGDVVRORHiJXD+iHVWXGRVWDPEpPGHGHVHQYROYLPHQWRGHVLVWHPDVGHWUDQVIH-
UrQFLDGHJHQHVEDVHDGRVHPQDQRSDUWtFXODVQDQRFiSVXODVHQDQRWXERV2XWURFDPSRHPH[SDQVmRpRGHVHQYRO-
YLPHQWRGHVXSHUItFLHVIXQFLRQDLVUHYHVWLPHQWRVFRPHVWtYHLVHHPEDODJHQVDWLYDVGHVLVWHPDVQDQRSDUWLFXODGRV
HOLSRVVRPDLVSDUDDOLEHUDomRVXVWHQWDGDGHLQVXPRVDJUtFRODVIHUWLOL]DQWHVKHUELFLGDVLQVHWLFLGDVIXQJLFLGDV
HYHWHULQiULRVYDFLQDVHIiUPDFRVDOpPGRGHVHQYROYLPHQWRGHQDQRFRPSyVLWRVHPSUHJDGRVQDUHPHGLDomRGH
iJXDVVRORVHHÀXHQWHVKWWSVZZZHPEUDSDEUEXVFDGHQRWLFLDVQRWLFLDQDQRWHFQRORJLDYHUGHSUR-
YRFDUHYROXFDRVXVWHQWDYHOQDDJULFXOWXUD
(VWHWUDEDOKRYLVDVtQWHVHVUiSLGDVGHEDL[RFXVWRHDOWRUHQGLPHQWRGHQDQRSDUWtFXODVGHy[LGRF~SULFR
&X2HKLGUR[LDSDWLWD+$36KDSRUHYet alTXHSRGHPSRVWHULRUPHQWHVHUHPDSOLFDGDVQRVHWRUGR
DJURQHJyFLR
2&X2pXPVHPLFRQGXWRUGRWLSRSTXHDWXDFRPRGLVVLSDGRUGHHOpWURQVIRWRJHUDGRVFRPHQHUJLDGH
banda gapGHDH9SRGHQGRVHUH[FLWDGRSRUUDGLDomRVRODU1H]DP]DGHK(MKLHKH+XVKPDQGUDG
'HYLGRDHVWDVSURSULHGDGHVHVWHPDWHULDO WHPVLGRHVWXGDGRSDUDXPDH[WHQVDJDPDGHDSOLFDo}HV WDLVFRPR
IRWRFDWiOLVHKHWHURJrQHDEDWHULDVGHtRQVOtWLRFpOXODVVRODUHVGLVMXQWRUHVyWLFRVVHQVRUHVDJHQWHVEDFWHULFLGDV
DQWLI~QJLFRVHQWUHRXWURV<X=KDQJ et al.%HQ0RVKH'URU et al.$EEDV+XVVDLQ et al.
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'HQWURGDOLQKDGHVHQVRUHV+XRHFRODERUDGRUHVGHVHQYROYHUDPXPFRPSyVLWRFRQVWLWXtGRSRUQDQR¿RVGH&X2
HQDQRWXERVGHFDUERQRSDUDDGHWHFomRGHSHVWLFLGDVRUJDQRIRVIDWDGRV+XR/L et al.
1DOLWHUDWXUDHQFRQWUDPVHGLYHUVDVPHWRGRORJLDVGHVtQWHVHGHQDQRSDUWtFXODVGH&X2GHYiULRVWDPD-
QKRVHIRUPDVGHQWUHHVWDVGHVWDFDPVHLUUDGLDomRGHXOWUDVVRP3HUHOVKWHLQ$SSOHURW et al.DSUHFLSLWDomR
TXtPLFD*DUFLD6ROVRQD et al.RPpWRGRVROJHO3DQGL\DUDMDQ8GD\DEKDVNDU et al.DVtQWHVHKLGURWHUPDO
*DUFLD6ROVRQD et al.HDVtQWHVHDVVLVWLGDSRUPLFURRQGDV9RODQWL.H\VRQ et al.'HQWUHHVWDV
WpFQLFDVDFRSUHFLSLWDomRTXtPLFDVHGHVWDFDSHODVLPSOLFLGDGHUDSLGH]HFRQWUROHGRWDPDQKRGHSDUWtFXODVVHQGR
SRUHVWHPRWLYRGHLQWHUHVVHQRSUHVHQWHSURMHWR$VtQWHVHSHORPpWRGRGHFRSUHFLSLWDomRFRQVLVWHEDVLFDPHQWH
QXPDUHDomRTXtPLFDHQWUHRSUHFXUVRUHRPLQHUDOL]DQWHXPDEDVHVREDTXHFLPHQWRHDJLWDomR. 
 $KLGUR[LDSDWLWD+$3pXPPDWHULDOELRFHUkPLFRHQFRQWUDGRQDQDWXUH]DQDVIRUPDVKH[DJRQDLVHPR-
QRFOtQLFDVGHFRPSRVLomRTXtPLFD&D3262+SHUWHQFHQWHjIDPtOLDGDVDSDWLWDVGHFiOFLR3RVQHU$+$3WDPEpPYHPVHQGRHVWXGDGDSDUDDSOLFDo}HVHPFDWiOLVHGHYLGRjLQFRPXPSURSULHGDGHGHSRVVXLUVtWLRV
iFLGRVUHSUHVHQWDGRVSHORVFiWLRQV&DHVtWLRVEiVLFRVUHSUHVHQWDGRVSHORVkQLRQV32HPXPD~QLFDFHODGDHVWUXWXUDFULVWDOLQD&RVWDHWDO
$+$3SRVVXLXPDHVWUXWXUDTXHSHUPLWHIDFLOPHQWHVXEVWLWXLo}HVLVRPRUIDVTXHSRGHPDOWHUDURVSDUk-
PHWURVGHUHGHDFULVWDOLQLGDGHDGLPHQVmRGRVFULVWDLVDHVWDELOLGDGHHDVXDVROXELOLGDGH$VKLGUR[LODVSRGHP
VHUVXEVWLWXtGDVSRUFDUERQDWRVÀXRUHWRVHFORUHWRVRVJUXSRVIRVIDWDGRVSRUFDUERQDWRVHYDQDGDWRVR&D por 
FiWLRQVPHWiOLFRVFRPRR3E&G&X=Q6U&R)HHWF+HQFK$SUHVHQoDGHFiWLRQVHkQLRQV
LQFRUSRUDGRVRXQmRjHVWUXWXUDFULVWDOLQDGD+$3SRGHHVWDELOL]DURXGHVHVWDELOL]DUGLIHUHQWHVIDVHVGHIRVIDWRGH
FiOFLRGXUDQWHRVSURFHVVRVGHQXFOHDomRHFUHVFLPHQWRGRFULVWDO'DVGLYHUVDVVXEVWLWXLo}HVL{QLFDVSRVVtYHLVQD
HVWUXWXUDGD+$3DGHPDLRUUHOHYkQFLDpDGHJUXSRVDQL{QLFRVSHORtRQFDUERQDWR&2TXHSURYRFDPXGDQoDVQDPRUIRORJLDVROXELOLGDGHGHIRUPDomRWDPDQKRGRFULVWDOHQRVSDUkPHWURVGHUHGHGDFHODXQLWiULD&RVWDHWDO

6DQWRVDSUHVHQWRXXPHVWXGRVREUHDVROXELOLGDGHGDVKLGR[LDSDWLWDVFRPLQWXLWRGHXWLOL]DomRGD
PHVPDFRPRIRQWHGHIyVIRURSDUDRVROR
'HVVDPDQHLUDYHUL¿FDVHTXHVyOLGRVQDQRSDUWLFXODGRVGH&X2H+$3SRGHPFRPSUHHQGHUGLIHUHQWHV
DSOLFDo}HVQRDJURQHJyFLRPDVSDUDLVWRID]VHQHFHVViULRRGHVHQYROYLPHQWRGHPpWRGRVGHVtQWHVHTXHSHU-
PLWDPRFRQWUROHGRWDPDQKRHIRUPDGDVSDUWtFXODVHTXHDSUHVHQWHPEDL[RFXVWRD¿PGHTXHDSURGXomRVHMD
HFRQRPLFDPHQWHYLiYHO
2. Materiais e Métodos
2.1. Síntese de CuO
2PpWRGRGHVtQWHVHXWLOL]DGRQHVWDSHVTXLVDEDVHRXVHQRWUDEDOKRGRSHVTXLVDGRU=KX/L et al.
3DUDLVWR0GHDFHWDWRGHFREUHHP/GHiFLGRDFpWLFRJODFLDOIRUDPDGLFLRQDGRVHPP/GHiJXDPLOL4
QXPEDOmRGHIXQGRUHGRQGRHTXLSDGRFRPXPGLVSRVLWLYRGHUHÀX[R$GLFLRQRXVHHPVHJXLGDRDFHWDWRGH
FREUH$SyVDWHPSHUDWXUDDOFDQoDU&JGH1D2+IRLDGLFLRQDGRDRPHLRUHDFLRQDOFRPDJLWDomRYLJR-
URVDDWpRS+GRPHLRUHDFLRQDODWLQJLUTXDQGRXPDJUDQGHTXDQWLGDGHGHSUHFLSLWDGRSUHWRIRLSURGX]LGR
VLPXOWDQHDPHQWH'HSRLVGHVHUDUUHIHFLGRDWpDWHPSHUDWXUDDPELHQWHRSUHFLSLWDGRIRLFHQWULIXJDGRODYDGRXPD
YH]FRPiJXDGHVWLODGDGXDVYH]HVFRPHWDQRODEVROXWRHVHFRHPHVWXIDj&
2.2. Síntese de Hidroxiapatita
)RUDPSUHSDUDGDVVROXo}HVGHQLWUDWRGHFiOFLR&D12HGHIRVIDWRiFLGRGHDP{QLR1++32HPFRQFHQWUDo}HVHVWHTXLRPpWULFDVSDUDSURGXomRGD+$3$VHJXLUDVHJXQGDVROXomRIRLJRWHMDGDOHQWDPHQWH
QDSULPHLUDVREÀX[RGHQLWURJrQLR1HS+DMXVWDGRFRPKLGUy[LGRGHDP{QLR1+2+$VVLPIRLREWLGDXPDVXVSHQVmREUDQFD(VWDIRLODYDGDFRPiJXDGHLRQL]DGDHFHQWULIXJDGDDWpREWHURSURGXWRDS+QHXWUR(P
VHJXLGDVHFDHPHVWXIDGHFLUFXODomRD&
2.3. Caracterização 
3RUPLFURVFRSLDHOHWU{QLFDGHYDUUHGXUDFRPIRQWHGHHPLVVmRGHFDPSR0(9)(*IRLSRVVtYHOGHWHU-
PLQDUDIRUPDWDPDQKRHGLVWULEXLomRGDVQDQRSDUWtFXODV2HTXLSDPHQWRXVDGRQHVVDDQiOLVHIRLXP-(2/-06
)3DUDLVWRFHUFDGHPJGDVDPRVWUDVIRUDPGLVSHUVDVHPP/GHDFHWRQDHȝ/GHVVDGLVSHUVmRIRL
JRWHMDGDVREUHRSRUWDDPRVWUDVUHFREHUWRVFRPWLQWDFDUERQR
$FULVWDOLQLGDGHGRPDWHULDOSXUH]DHHVWUXWXUDFULVWDOLQDGDVSDUWtFXODVGH&X2H+$3IRUDPGHWHUPLQD-
GDVSHODWpFQLFDGHGLIUDomRGHUDLRV;2HTXLSDPHQWRXWLOL]DGRIRLRGLIUDW{PHWURGHUDLRV;6KLPDG]XPRGHOR
;5''HSRLVGHGHVDJORPHUDGRRSUHFLSLWDGRHPIRUPDGHSyIRLFRORFDGRQXPSRUWDDPRVWUDVHVHJXLX
SDUDRGLIUDWRJUDPD$IDL[DXWLOL]DGDSDUDHVWDDQiOLVHIRLYDUUHGXUDeeGHDoFRPUDGLDomR&X.ĮHPSUH-
JDQGRVHN9HP$HPPRGRFRQWtQXRFRPYHORFLGDGHGHo min
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3. Resultados e Discussão
$¿PGHYHUL¿FDUDIRUPDomRGHIDVHVGRVFRPSRVWRVVLQWHWL]DGRVHDHVWHTXLRPHWULDGRVPDWHULDLVHP
XPDRUGHPDPpGLDHORQJDGLVWkQFLDQRUHWtFXORFULVWDOLQRDVQDQRSDUWtFXODVGH&X2H+$3IRUDPFDUDFWHUL]DGDV
SRUGLIUDomRGHUDLRV;3DUDDDYDOLomRGRWDPDQKRIRUPDHGLVWULEXLomRGDVQDQRSDUWtFXODVREWLGDVIRLUHDOL]DGD
PLFURVFRSLDHOHWU{QLFDFXMDVLPDJHQVSRVVLELOLWDUDPDFRQWDJHPGRGLkPHWURPpGLRGHSDUWtFXODVSDUDYHUL¿FDomR
GRFRPSRUWDPHQWRGHGLVWULEXLomRGDVPHVPDV
1D)LJXUDHVWmRLOXVWUDGRVRVUHVXOWDGRVREWLGRVSDUDDVQDQRSDUWtFXODVGR&X2VLQWHWL]DGDV$SDUWLUGR
GLIUDWRJUDPDDSUHVHQWDGRQD)LJXUDDSRGHVHREVHUYDUTXHKiIRUPDomRGHVRPHQWHXPDIDVHFULVWDOLQDDHVWUX-
WXUDPRQRFOtQLFDGR&X2VHJXQGRDEDVHGHGDGRV-RLQW&RPPLWWHHRQ3RZGHU'LIIUDFWLRQ6WDQGDUGV-&3'6Q
SDUDDFRQGLomRGHVtQWHVHHPSUHJDGD$WUDYpVGDDQiOLVHGDV¿JXUDVEHFYHUL¿FDVHTXHKRXYH
DIRUPDomRGHQDQRSDUWtFXODVFRPIRUPDWRLQGHWHUPLQDGRGLVSHUVDVHFRPWDPDQKRVHPWRUQRGHQP
)LJXUDD'LIUDWRJUDPDGHUDLRV;GDDPRVWUDGH&X2E,PDJHQVREWLGDV0(9)(*GDDPRVWUDGH
&X2F+LVWRJUDPDVFRPDGLVWULEXLomRGRVWDPDQKRVGDVSDUWtFXODV
$SDUWLUGDFDUDFWHUL]DomRGRFRPSRVWRSRU5DLRV;)LJXUDDSRGHVHREVHUYDUTXHKRXYHDIRUPDomR
GDKLGUR[LDSDWLWDGHHVWUXWXUDKH[DJRQDOVHPDSUHVHQoDGHIDVHVVHFXQGiULDV1DVLPDJHQVREWLGDVSRUPLFURV-
FRSLDHOHWU{QLFD)LJXUDEREVHUYDVHDPRUIRORJLDGRWLSREDVWRQHWHHRGLkPHWURPpGLRGHQP)LJXUDF
 
)LJXUDD'LIUDWRJUDPDGHUDLRV;GDDPRVWUDGH+LGUR[LDSDWLWDE,PDJHQVREWLGDV0(9)(*GD
DPRVWUDGH+LGUR[LDSDWLWDF+LVWRJUDPDVFRPDGLVWULEXLomRGRVWDPDQKRVGDVSDUWtFXODV
4. Conclusões
3HOR VLPSOHVPpWRGR GH FRSUHFLSLWDomR LQVWDQWkQHD IRL SRVVtYHO VLQWHWL]DU QDQRSDUWtFXODV FULVWDOLQDV H
SXUDV2VWDPDQKRVPpGLRVREVHUYDGRVIRUDPGHQPSDUDRy[LGRF~SULFRHQPSDUDDKLGUR[LDSDWLWD6mR
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